Objective: To examine the reliability and validity of the Chinese version of the 19-item Audit of Diabetes-Dependent Quality of Life for Taiwan (ADDQoL-CnTW). Methods: Linguistic validation procedures for patient-reported outcome measures were used to translate the Taiwan version from the original 19-item UK-English ADDQoL. The psychometric properties of the ADDQoL-CnTW were evaluated in a convenience sample, recruited from outpatient facilities, of 260 patients diagnosed with diabetes mellitus. Results: The forced one-factor solution supported one general 19-item factor with all items loading above 0.43, accounting for 51.5% of the variance, although the results of confirmatory factory analysis did not strictly adhere to a one-factor structure. Using Kaiser's Criterion, exploratory factor analysis identified four sub-dimensions but the pattern of loading also confirmed the presence of a large general factor with 11 of 19 items loading ≥0.4 on the first component, accounting for 49.73% of the variance. Internal consistency for the entire scale was 0.94. Convergent and discriminant validity were suggested by a stronger correlation of average weighted impact (AWI) scores with the overview Diabetes-specific QoL item than with the Present QoL item. The Present QoL item correlated better with the World Health Organization Quality of Life-BREF(TW) dimension scores than the Diabetes-specific QoL scores or the AWI scores. Insulin-treated patients reported significantly more negative AWI scores and Diabetes-specific QoL scores than those treated with tablets and/or diet, demonstrating known-groups validity. Conclusions: The ADDQoL-CnTW revealed excellent internal consistency reliability, and showed evidence of validity for use in Taiwanese people with diabetes.
Introduction
Diabetes affects 8.3% of people aged over 20 years in Taiwan [1] . An increasing incidence of individuals diagnosed with Type 2 diabetes has been observed for both sexes in most age groups [2] . Moreover, glycemic control was found to be suboptimal in a majority of patients in Taiwan in the Diabcare-Asia surveys conducted in 1998 [3] , 2003 [4] and 2006-11 [5] .
It has been suggested that targets of diabetes treatment can be better achieved [6] [7] [8] and the quality of care can be enhanced [9] [10] [11] if the importance of quality of life (QoL) and patients' needs and preferences are simultaneously recognized and protected. A reliable and valid diabetes-specific QoL instrument would be helpful in solving the problem of the gap between clinical results and treatment goals, as well as in assessing the overall impact of diabetes on an individual's QoL [12] . Although a number of diabetes-specific instruments for assessing QoL have been established, such instruments for Chinese-speaking patients in Taiwan remain scarce.
The Audit of Diabetes-Dependent QoL (ADDQoL) was adopted in this study as a measure of QoL for patients with diabetes in Taiwan because it is one of the few diabetes-specific instruments that actually measure QoL [13, 14] . Moreover, it covers 19 domains, including dietary freedom, which is the domain most relevant to diabetes [15] , and sex life, which is a domain not covered by the two currently used Chinese versions of diabetes-specific QoL instruments-the Diabetes Distress Scale [16] and the Problem Areas in Diabetes Scale [17] . Furthermore, the ADDQoL has been validated in many other languages, which provides advantages in terms of international comparative research.
The ADDQoL is an individualized measure [18, 19] . It allows the respondent to indicate domains of life that are not applicable to them at all and to rate those that are applicable to their QoL by the amount of impact diabetes has on each domain and the perceived importance of each domain [14] . Good evidence of internal consistency reliability, as well as of internal and external construct validity, has been shown for the ADDQoL. In addition, the ADDQoL is highly sensitive to change in review studies [13, 20, 21] . Two Chinese versions of the ADDQoL have recently been validated, one for use in mainland China [22] and one in Singapore [23, 24] , which suggests that the ADDQoL is culturally suitable for Chinese-speaking patients with diabetes.
To assess the convergent and divergent validity of the ADDQoL, we compared it with the short version (WHOQOL-BREF) of the World Health Organization QoL (WHOQOL) instrument, a generic instrument with cross-cultural application that has been used as a measure of QoL for patients with chronic illnesses, including diabetes [13, 25] . The WHOQOL-BREF covers aspects of life that are often felt to be important for QoL, such as social relationships, working capacity and finanicial status [26] . Moreover, as with the ADDQoL, the WHOQOL-BREF is one of the most frequently used instruments that strives to assess QoL [13] . Our study is the first to examine the relationship between the WHOQOL-BREF and the ADDQoL.
The aim of this study was to evaluate the psychometric properties of the Chinese version for Taiwan of the ADDQoL (ADDQoL-CnTW) after first undertaking the linguistic validation work needed to create it.
Methods
Linguistic validation of the Chinese version of the 19-item ADDQoL for Taiwan (ADDQoL-CnTW)
The translation of the Taiwan version from the original 19-item UKEnglish ADDQoL ( © 1994 latest revision 1.3.06) followed the procedures based on principles of good practice for the translation and cultural adaptation process for patient-reported outcome measures [27] . A team of experts consisting of linguists, diabetologists, nurses and psychologists was established and coordinated by the principal researcher (M.C.Y.) and the author of the ADDQoL (C.B.). The forward translation was carried out independently by one diabetologist and one psychologist. They were native speakers of Chinese in Taiwan and fluent in English. After a reconciliation of two forward translations led by a second diabetologist, two additional bilingual experts independently back translated the reconciled version into English. Subsequently, a review of the back translation against the source version was performed by C.B.'s UK team, all experienced in the linguistic validation of this questionnaire, to ensure the conceptual equivalence of the translation. Because two diabetologists and one psychologist were involved in the linguistic validation process, no separate clinician review was needed. Finally, a total of six patients with diabetes, including those using a range of treatment modalities, were invited to the cognitive debriefing interviews in order to pilot the questionnaire. Consensus meetings were held at each step of the linguistic validation process.
Study participants
Patients were recruited from a specialized diabetes clinic at a medical center in northern Taiwan by the convenience sampling method. The inclusion criteria were: outpatients aged 18-65 years, living in Taiwan with Type 2 diabetes for longer than 1 year, able to read and write in Chinese. The exclusion criteria were: currently pregnant, or a history of mental illness. The hospital's ethics committee granted the authors approval to conduct the study, and informed consent was gathered from all participants.
Audit of Diabetes-Dependent QoL
The ADDQoL consists of two parts. The first part consists of two overview items which are designed for audit purposes. The first item aims to assess generic QoL (Present QoL), 'In general, my present QoL is', rated on a 7-point scale (3, excellent; 2, very good; 1, good; 0, neither good nor bad; −1, bad, −2; very bad and −3, extremely bad). The second is a diabetes-specific overview item (Diabetes-specific QoL), 'If I did not have diabetes, my quality of life would be', rated on a 5-point scale (−3, very much better; −2, much better; −1, a little better; 0, the same and 1, worse).
The second part of the ADDQoL consists of 19 domain-specific items, which ask respondents to rate how each domain would be if he/ she did not have diabetes (from −3, maximum negative impact of diabetes, to +1, positive impact of diabetes), as well as to respond to the perceived importance of the domain for their overall QoL (from 3, very important, to 0, not at all important) on each applicable domain. Five domains have 'not applicable options' (N/A) allowing the respondents to indicate those aspects of life that are not applicable to them, including working life, sex life, close personal relationships, holidays, and family life.
When patients have completed the two parts, the two ratings are multiplied together to generate the weighted impact (WI) score, ranging from −9 (maximum negative impact) to 3 (maximum positive impact) for each domain. WI scores for all applicable domains are summed and divided by the number of applicable domains to form a single, average WI (AWI) score ranging from −9 to 3.
World Health Organization QoL-BREF
WHOQOL-BREF is a generic instrument for the assessment of QoL which covers four domains (physical, psychological, social and environmental) [13] . It provides a valid and reliable shorter alternative to the WHOQOL-100 [28] . The Taiwanese version of the instrument (WHOQOL-BREF[TW]) has been validated [29, 30] . The responses to each of the questions (how much, how completely, how often, how good and how satisfied did the respondent feel in the last 2 weeks) are rated on a 5-point Likert scale and scored from 1 to 5.
Raw scores on each of the questions are summed to form subscale scores and converted to a scale ranging from 0 to 100, where higher scores indicate better QoL.
Data collection
Basic patient characteristics (gender, educational level, age and marital status) were collected during a routine outpatient visit. The ADDQoL-CnTW and the WHOQOL-BREF[TW] were provided for self-completion. Disease-specific variables were taken from chart review and included medical history (duration of known diabetes, treatment regimen and diabetes-related complications) and biochemical data (such as HbA1c and lipid levels) as measured by the respective individual hospital laboratory of each patient within the past 3 months. Diabetes-related complications were defined as having cardiovascular diseases, neuropathies, foot problems, renal diseases and retinopathies.
Statistical analysis
Sample size estimation According to Thompson [31] , the sample size for confirmatory factor analysis (CFA) applications should be a number with a variable ratio of at least 10:1 or 15:1. Thus the estimated sample size for a robust factor analysis was determined to be 10-15 respondents per item or 190 to 285 individuals for the 19-item questionnaire.
Analyses to test the need for design features in the ADDQoL and internal consistency Descriptive analyses were performed to assess response distributions at the item level. The necessity of weighting by importance and of providing NA options was evaluated based on the perceived weight of importance, as well as the frequency of NA options used. Internal consistency reliability was assessed using Cronbach's α (where α >0.7 was considered acceptable) with inclusion of inter-item correlations between each WI score and of pairwise correlation of each WI score with the AWI scores.
Validity assessment
It was expected that the ADDQoL-CnTW would form a single theoretical construct consistent with that of the English version [15] . The factor structure was tested using a forced one-factor solution and CFA and the maximum likelihood estimation method was employed, with the criteria of root mean square error of approximation (RMSEA) <0.08, χ 2 /df ratio <3, standardized root mean residual (SRMR) <0.05, and both Non-normed Fit Index (NNFI) and Comparative Fit Indexes (CFI) >0.90. Based upon theoretical rationale, each of the 19 items of the ADDQoL should represent a unique domain area of diabetes-relevant QoL to form a single scale. This assumption does not allow for correlated errors to be used to obtain a well-fitting model. If this a priori model was not confirmed, exploratory factor analysis (EFA) using principal axis factor analysis of the ADDQoL item-level data with Varimax rotation would be compared with the four-factor solution previously found for the mainland China version of the ADDQoL [22] .
Regarding convergent and discriminant validity, the AWI scores were expected to correlate better with the Diabetes-specific QoL scores than the Present QoL scores which assess generic QoL. As a generic instrument for QoL, the WHOQOL-BREF(TW) dimension scores were expected to correlate better with the Present QoL scores than with the Diabetes-specific QoL scores or the AWI scores.
The convergent and divergent validity was assessed using partial correlation coefficients. Tests of correlation between socio-demographic and health characteristics and ADDQoL-related scores and WHOQOL-BREF domain scores found that the age and education level were correlated with certain scores of both measures. Thus, these two variables were included as covariates. Correlation coefficients whose magnitudes are greater than 0.5 indicate strong correlations, between 0.3 and 0.5 indicate moderate correlation, and <0.3 indicate weak correlation.
Known-groups validity is demonstrated when a questionnaire can discriminate between two groups known to differ on the variable of interest [32] . This study compared scale scores across groups known to differ in the type of treatment and the presence/absence of complications being investigated. It has been acknowledged that complications and insulin therapy are associated with lower QoL in population-based studies [33] [34] [35] [36] . Therefore, it was expected that insulin-treated patients and those with complications would report greater negative impact on the AWI and Diabetes-specific QoL scores than those treated with tablets or diet alone, or than those patients with diabetes, but without complications. The known validity was evaluated by independent t-test.
Statistical analyses were conducted using SPSS (version 20.0) and AMOS 21.
Results

Characteristics of study participants
Two hundred and sixty participants completed questionnaires, resulting in a 92% response rate. Table 1 shows the characteristics of the study participants. The mean age of the participants was 51.42 years. The average duration of known diabetes was 8.95 years. The majority of the patients had no diabetes-related complications (85.3%). About 60% (58.1%) of the participants were treated with tablets, while 19.2% of participants were treated with insulin. More than one-third (39.23%) of the participants had an HbA1c below 7%. Male patients had higher incomes, higher levels of education, and were more often treated with tablets than female patients who were more often treated with insulin.
Analyses to test the need for different design features and to measure internal consistency A negative impact of diabetes was observed in the means for all domains of the ADDQoL and WI scores and ranged from −1.42 to −3.94 (mean = −2.48; SD = 1.87), with the most negative scores appearing in the following domains: 'my feelings about the future' (mean = −3.94), 'freedom to eat as I wish' (mean = −3.52) and 'self-confidence' (mean = −3.08). Table 2 shows the unweighted range of impact scores, importance ratings and WI scores. Diabetes was found to have a positive impact for at least one individual on a total of six of the 19 individual domains, namely travel, self-confidence, motivation, future, dependence and freedom to drink. Of the five domain-specific items with a N/A option, the first two greatest uses of the N/A option were for working life (n = 71, 27.3%) and for sex life (n = 44, 10.9%). The next highest use of N/A was for close personal relationships (n = 23, 8.8%), followed by holidays (n = 19, 7.3%) and family life (n = 2, 0.8%). Importance rating scales ranged from 0 to 3 for all 19 domains. Looking at the weighted and unweighted impact scores, the rank changed for 15 out of 19 domain-specific items when impact scores were weighted by importance ratings. Of these, nine domains were underestimated if importance ratings were not used, including freedom to eat, freedom to drink, self-confidence, motivation, family life, working life, physical appearance, personal relationships and dependence; while six domains were overestimated, including future, do physically, travel, holidays, sex life and social life. These findings support the need to allow for impact ratings to be weighted by ratings of the perceived importance of each domain for QoL in each patient.
Factor structure
The ADDQoL-CnTW revealed a single-factor model, with all items loading above 0.43 (0.43-0.80), accounting for 51.5% of the variance in the forced one-factor solution. Initial analysis indicated that the data had significant non-normality (as indicated by the high kurtosis with Kolmogorov-Smirnov test, P < 0.001). However, the results of confirmatory factory analysis did not strictly adhere to a one-factor structure: χ (Table 3) show that 11 of 19 items loaded ≥0.4 on the first component (ranging from 0.40 to 0.75), accounting for 49.73% of the variance. The second component, by contrast, accounted for only 1.31% of the variance, the third, for 1.20%, and the fourth, for 1.11% of the variance. The inspection of the scree plot also shows a sudden drop in the scree plot after the first factor. These findings indicate a large general factor to be present.
Three items cross-loaded >0.40 on two factors, including Item 10 (physical appearance), Item 11 (self-confidence) and Item 12 (motivation). Item 11, self-confidence, was assigned to Factor 2 (where the loading was slightly higher). Physical appearance and motivation had somewhat higher loadings on Factor 1 and were assigned to Factor 1. Thus, the four-factor solution could then more clearly be interpreted as physical, social and leisure activities (10 items), attitudes about A different four-factor structure of the ADDQoL was found for the mainland China version [22] where factors were labeled by those authors as 'activity and leisure' (leisure activities, working life, local or long distance journeys and holidays), 'motions' (do physically, family life, social life, personal relationship and people's reaction), 'psychological feelings' (physical appearance, self-confidence, motivation and feelings about the future) and 'domesticity and diet' (financial situation, living conditions, dependence on others, freedom to eat and freedom to drink). 'Sex life' was not included in the factor analysis due to a high level of missing values in addition to the expected 'not applicable' responses. This model, with 'sex life' excluded, was tested with CFA in our data from Taiwan. However, the results of confirmatory factory analysis indicated poor model fit: χ 2 /df ratio = 3.90, RMSEA = 0.106, SRMR = 0.04, CFI = 0.86 and NNFI = 0.83. EFA showed that once 'sex life' was excluded the fourth factor disappeared with 'Personal relationships' loading instead on Factor 1 with other items remaining unchanged.
Reliability
Pearson's correlation coefficients revealed a significant relationship between individual WI scores (r = 0.30-0.77, P < 0.05), as well as between WI and AWI scores (r = 0.56-0.82, P < 0.05). The Cronbach's α was 0.94 for the 19-item ADDQoL, and for the four factors it was 0.92 (physical, social and leisure activities), 0.84 (attitudes about society reaction and life circumstances), 0.80 (intimate relationships) and 0.81 (diet), indicating excellent internal consistency. There was no improvement in the α value when any item on the scale was eliminated. Table 4 presents partial correlation coefficients (adjusted for age and education level) of the ADDQoL overview items with the AWI scores and with the WHOQOL-BREF subscales. As expected, AWI scores were better correlated with the Diabetes-specific QoL scores (r = 0.52; P < 0.01) than with the generic overview item, Present QoL score (r = 0.07; non-significant). The expected pattern of relationships was also found between the ADDQoL and WHOQOL-BREF scores. A greater correlation was obtained between the ADDQoL Present QoL scores and the WHOQOL-BREF dimension scores (r = 0.39-0.54; P < 0.01) than that for the ADDQoL AWI scores and WHOQOL-BREF dimension scores (r = 0.22, P < 0.01 for physical; r = 0.17, P < 0.01 for psychological; r = 0.02 and 0.08, non-significant, for environment and social). Table 5 indicates that patients using insulin reported significantly lower AWI scores compared to those treated with diet or tablets (t = 3.61, P < 0.001), demonstrating known-groups validity. The difference between treatment groups in the overview items on the ADDQoL supported the prediction that patients using insulin would report lower scores on the Diabetes-specific QoL overview item, but not on the Present QoL item. Moreover, patients with complications showed a larger negative impact of diabetes on AWI scores and diabetes-specific QoL scores, although the difference did not reach significance for the AWI scores.
Convergent and divergent validity
Known-groups validity
Discussion
The ADDQoL is widely used in many countries. This is the first study to evaluate the psychometric properties of the ADDQoLCnTW in Taiwan. The frequency of utilization of N/A options, and the change in item ranking between unweighted and weighted means demonstrate the need for including these features that individualize the ADDQoL. A mean negative impact of diabetes on all domains was observed. The coefficient α and item-level analysis for the ADDQoL-CnTW showed a satisfactory internal consistency. The evidence of convergent and discriminant validity and of knowngroups validity provided overall support for the construct validity of the ADDQoL-CnTW among patients with diabetes in Taiwan.
The ADDQoL-CnTW exhibited similar psychometric properties to those reported for the other two Chinese versions of the ADDQoL. The one-factor solution explained 34.59, 46, and 51.5% of the total variance in the mainland Chinese version, the Singaporean version [22] [23] [24] and our Taiwanese version, respectively, with the same Cronbach's α of 0.94. These results indicate that these three versions of the Chinese ADDQoL achieved comparable validity and reliability.
The forced one-factor solution supported a single 19-item factor. Although EFA identified four sub-dimensions, the second, third and fourth factors added little in the way of additional variance accounted for. The pattern of loading confirmed the presence of a large general factor representing the importance-WI of diabetes on QoL.
Although a four-factor solution was also found for the mainland China ADDQoL [22] , the composition of each component was quite different from that of the four-factor solution for the ADDQoL- CnTW. Moreover, the results of CFA indicated that the factor structure found in work in mainland China was not replicable in our study in Taiwan. In following, the single-factor solution the loadings of different items can vary within and between countries but all 19 items are combined on a single scale. For the four-factor solution found in Taiwan, the first component, 'physical, social and leisure activities' covered a wide range of different domains. The second and third components, those tapping 'attitudes about society reaction and life circumstances' and 'diet', were similar to the two national items identified in the WHOQOL-BREF(TW) to measure Taiwan-specific QoL: 'being respected/accepted' and 'eating/ food', respectively [29] . These are both often conceived to be important components of Chinese culture. In this study, 'diet' (concerning 'freedom to eat/drink as I wish') was one of the most impacted items, which is consistent with previous ADDQoL studies across different countries [14, 19, [37] [38] [39] . The fourth component, 'intimate relationship' (sex life and personal relationship), is one of the features of the ADDQoL different from other competing measures. Factor analysis showed that these two items form a separate component on its own suggesting that for patients in Taiwan, these two items are particularly closely linked.
Although the four-factor solution of ADDQoL-CnTW contains two dimensions that each have only two items, internal consistency was acceptable for both factors (0.80 for intimate relationships and 0.81 for diet) and the four factors were significantly correlated with each other in the correlation analysis. For the purpose of crosscultural comparison, the benefits of retaining all items in a single AWI scale were felt to outweigh any advantages of deleting these items or forming separate subscales. Similarly, although Item 11 (selfconfidence) cross-loaded on two factors, there was no improvement in the α value if Item 11 was omitted from this scale. Moreover, this result was not observed in mainland China or in Singapore.
Therefore, it was determined that retaining Item 11 was preferable although it might influence the latent relationship between items.
As expected, the AWI scores showed a significant correlation with the Diabetes-specific QoL overview item, but did not correlate with the Present QoL overview item, whereas the Present QoL item was moderately to strongly correlated with the WHOQOL-BREF dimension scores. The weak correlations (r < 0.3) between the AWI scores and WHOQOL-BREF dimension scores support the view that the AWI scores provide more targeted information about aspects of life impacted by diabetes in comparison to the WHOQOL-BREF scores. Specifically, the AWI scores were significantly correlated with the physical and psychological domains of the WHOQOL, but were not correlated with the social and environmental domains, suggesting that the AWI does delve deeper into certain relevant concerns pertaining to both the physical and psychological aspects of diabetes. This result further supports the validity of the ADDQoL-CnTW because evidence shows that for patients with diabetes, the physical and psychological domains have a greater impact on QoL than the social and environmental domains measured by the WHOQOL-BREF [40, 41] .
The known-groups comparison provides support for the construct validity of the ADDQoL and was able to distinguish between groups of patients undergoing different treatments (insulin-treated vs tablet/diet-treated). However, the difference between patients with and without complications did not reach significance for the AWI scores, a finding which differs from that of previous work by Bradley et al. [18] , which used microvascular complications specifically rather than all complications. The complication status was determined from a chart review in this study and this may be why these results differ from previous studies based on patient selfreported complication status, since having a complication documented in the chart does not guarantee that a patient is aware of the complication and reports it. Patients may be unaware of complications when no symptoms are perceived and this may be particularly the case for macrovascular complications [42] , such that a stronger association is seen between microvascular complications and AWI scores [18] than between complications more generally and AWI scores in the present study. However, due to the low prevalence rate of microvascular complications (n = 27) in our study population, we looked at complications as a whole and not just microvascular complications, which patients are more aware of and more troubled by than macrovascular complications. One limitation of this study is the representativeness of the sample population. Compared with community samples, the patient sample in this study was highly selective as it was taken from a specialized diabetes clinic at a medical center in which the majority of patients received care from a multidisciplinary team.
Conclusions
Preliminary support for the reliability, the convergent and divergent validity, and known-groups validity, was obtained, indicating that the ADDQoL-CnTW appears to be a useful and psychometrically acceptable measure of the impact of diabetes on QoL among people with diabetes in Taiwan. Based on the results of factor analysis and the difference between the four-factor solution in our study and that found with the Mainland China version, we conclude that the onefactor model is preferable although it is not a perfect fit to the data. Use of the ADDQoL-CnTW in intervention studies in Taiwan, along with studies of test-retest reliability, are now required to establish its responsiveness to change in Taiwan.
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